We present a model of the magnetic eld geometry of the Bp star HD 200311 based upon new mean longitudinal magnetic eld measurements and previously published mean magnetic eld modulus measurements (Mathys et al. 1997) . This is the fourth in a series of papers (Wade et al. 1996a , Wade et al. 1996b , Wade et al. 1997 ) aimed at constructing magnetic eld models for peculiar stars throughout the F0-B2 temperature range. The 21 longitudinal magnetic eld measurements indicate the presence of a strong and variable line-of-sight magnetic eld. These data do not de ne a smooth curve of variation when phased with the 26: d 0042 period found by Adelman (1997) from Str omgren photometry. However, when phased with a period of 52: d 0084 (twice Adelman's period), the longitudinal eld data de ne a sinusoidal curve with extrema of -1.8 kG and +1.8 kG. The mean magnetic eld modulus measurements describe an approximately sinusoidal curve when phased with this same period. Adelman's (1997) photometry, when phased with this period, describes a double-wave variation with approximately equal maxima, one of which occurs close in phase to the longitudinal eld maximum. This is consistent with an inhomogeneous chemical abundance distribution with symmetry about the magnetic eld axis, and that is similar in both magnetic hemispheres. 
INTRODUCTION
HD 200311 (mV = 7:6), a Si 4200 star with spectral type B9p (Bertaud 1959) , was rst reported to be magnetic by Babcock (1967) in his list of \unpublished magnetic stars". Apart from a mention of magnetically split lines by Preston in a private communication to Adelman (1974) , no further investigation of the magnetic eld of this star was attempted until the systematic study of Ap stars with resolved Zeemansplit lines by Mathys et al. (1997) . The results of this study, as they pertain to HD 200311, are described in Sect. 2. Adelman & Pyper (1993) reported moderate spectrophotometric variability of HD 200311 which they interpreted as likely being due to spectrum variability. Adelman (1974) presented a line identi cation study of this star and found that the spectrum was similar to those of other Si stars, while containing lines of Ga II, Ce III, Pr III, Er III and Pt II. Bord et al. (1997) determined the abundance of Ce III using spectrum synthesis and computed oscillator strengths, nding a value 5 dex in excess of the solar abundance. Preston (1970) included this star in \a list of Ap stars that may have long periods" based on a v sin i of 9 km s ?1 . Mathys et al. (1997) give a rotational period for this object of 51: d 75 0: d 13 based on their measurements of its mean magnetic eld modulus. However, Adelman (1997) gives a period of 26: d 0042 0: d 0007 based on 156 photometric measurements obtained in each of the u, v, b and y Str omgren bands. The disagreement among these periods will be discussed later in this paper. Table 1 . The UWO photoelectric polarimeter was used as a Balmer line Zeeman analyzer at the UWO 1.2-metre telescope. This instrument measures the fractional circular polarization in the wings of H at 5:0 A from line centre. The quantity thus measured is linearly related to the longitudinal magnetic eld. For these observations, a mean conversion factor = 22574 G per percent circular polarization was found from H line scans. Uncertainties associated with these measurements were determined from photon counting statistics, and are at the 1 level. A more detailed description of the instrument and observing technique is given by Landstreet (1980) . SAO magnetic measurements were obtained from photographic and CCD spectra acquired using the 6-metre SAO telescope equipped with an achromatic circular polarization analyzer. Photographic spectra were recorded on Kodak IIaO plates, with a reciprocal linear dispersion of 9 A=mm. CCD spectra were recorded using the spectroscopic CCD, with a reciprocal linear dispersion of 14 A=mm. The quoted uncertainties are at the 1 level, and were computed from the distribution of displacement measurements of several lines in each pair of circularly polarised spectra. Further information on the SAO equipment and observing technique is available in Glagolevski et al. (1986) and Borisenko et al. (1991) .
An examination of Table 1 shows that the extreme values of B l were always obtained at UWO. Because two different methods were used to obtain B l , it is quite possible that systematic di erences may exist in the amplitudes of the longitudinal eld variations obtained from the two observatories (although the phasing and shape of the curves should be similar).
Mean magnetic eld modulus measurements
The mean magnetic eld modulus represents the diskintegrated magnetic eld strength. Mathys et al. (1997) report 28 measurements of the mean magnetic eld modulus of HD 200311 inferred from ts to the magnetically-split components of the Fe II 6149:2 Zeeman doublet. The mean eld modulus exhibits a peak-to-peak variation of about 2 kG, with a mean value of about 8.6 kG. Mathys (1996) informs us that the uncertainty of individual measurements is about 300 G.
PERIOD ANALYSIS
Our periodogram of Adelman's photometry (Adelman 1997) clearly shows a strong, sharp peak at 26: d 0042 with several much weaker sidelobes, and an additional peak at 1: d 037. The latter period may be excluded since it is neither consistent with additional photometry (as yet unpublished; Adelman 1997), nor the projected rotational velocity of the star, as reported by Preston (1970) . Because systematic di erences appear to exist between the UWO and SAO datasets, we have performed their period analyses separately. When we phase the UWO data with the 26: d 0042 period determined from the photometry, the results are quite poor { the best-t rst-order sinusoid achieves a reduced 2 of 18.9, essentially the same as that of a straight-line t. The situation is equally unsatisfactory for the SAO data; the best-t rst-order sinusoid achieves a reduced 2 of 30.9. Clearly this period is not consistent with the variation of the longitudinal magnetic eld. This is a serious inconsistency, since the rigid rotator model requires that the photometric variation and the magnetic eld variation occur with the same period (the rotational period of the star).
An examination of the periodograms of the longitudinal eld and mean eld modulus measurements shows that these data will admit periods solely in the range 50.0 days to 52.6 days. No periods near 26 days are acceptable. That the variation of the magnetic data is consistent with periods around twice Adelman's period suggests that HD 200311 may exhibit a double-wave photometric variation. Indeed, when the three magnetic datasets are phased with a period of 26: d 0042 2 = 52: d 0084, the best-t rst-order sine ts to these data give reduced 2 s of 1.6 for the UWO data, 8.8 for the SAO data, and 1.8 for the mean eld modulus data. All three datasets show clear sinusoidal variation with this period.
The scatter in the SAO data is much larger than that accounted for by the observational errors. This is not particularly surprising, since the uncertainties associated with longitudinal eld measurements obtained using the \photo-graphic method" are often underestimated (Preston 1969) . We therefore estimate the SAO measurement uncertainties by increasing the size of all the error bars by a factor of 2.05, achieving a reduced 2 of 2.0 (a reasonable target value, indicated that the mean datum is t within 1.4 ) for the best-t sine curve with period 52: d 0084. These uncertainties are employed in all further calculations.
Since the magnetic data are compatible with a period twice as long as Adelman's, we have phased the photometry with our new period of 52: d 0084. The result is excellent, showing a smooth double-wave variation with maxima of approximately equal amplitudes. The reduced 2 of the bestt second-order sinusoid to the u-band data is 1.1.
We have therefore adopted 52: d 0084 0: d 0007 as the rotational period of HD 200311 (where the uncertainty is that quoted by Adelman (1997) ), and phased all of the data according to the ephemeris JD = 2445407:513 + 52: d 0084 E (where the epoch corresponds to the maximum of the average longitudinal eld variation, de ned in the following section). With this ephemeris, the maximum of the UWO longitudinal magnetic eld curve occurs at phase 0:03 0:04, the maximum of the SAO longitudinal magnetic eld curve occurs at phase 0:96 0:07, the maximum of the mean magnetic eld modulus curve occurs at phase 0:90 0:08, and the maximum of the Adelman's u-band photometry occurs at phase 0:06 0:02. For each dataset, the phasing uncertainties have been estimated by shifting the best-t curve in phase until the reduced 2 had doubled. The magnetic and photometric measurements, as well as the least-squares ts to these data, are shown in Fig. 1. 
THE MAGNETIC FIELD OF HD 200311 4.1 The average longitudinal magnetic eld variation
The systematic di erences between the best sine ts to the UWO and SAO longitudinal eld data presumably result from the fact that the mean longitudinal magnetic eld is an approximate quantity, involving simplifying assumptions about the state of the stellar atmosphere and the manner in which the spectral lines (from which this quantity is obtained) form. Because the methods employed in obtaining the two datasets di er, the individual assumptions di er, resulting in systematic di erences among the results. Because both methods are equally approximate, it is inappropriate to select either as the \correct" longitudinal eld variation. In order to de ne a single representative longitudinal eld variation for HD 200311, we have taken the average of the parameters describing the best-t sinusoids for each curve. The resultant average longitudinal eld variation is a sinusoidal curve described by the equation B l = B0 + B1 sin 2 ( ? 0);
(1) with B0 = 23 117 G, B1 = 1801 233 G, and 0 = 0:75 0:06. It is the average longitudinal eld variation, as well as the mean eld modulus variation, that we will use to constrain our magnetic model.
The magnetic eld geometry
In modeling the magnetic eld geometry of HD 200311, we have assumed that the eld is well approximated by a decentred magnetic dipole. This assumption is appropriate since, within the uncertainties of the relative phasing of the average longitudinal eld and mean eld modulus curves, the maxima of these curves are coincident. This behaviour is consistent with the presence of a photospheric magnetic eld with a global dipole geometry (Stibbs 1950) .
Using a computer programme which assumes a decentred dipole magnetic eld, we have synthesized longitudinal eld and mean eld modulus variations for a range of magnetic eld models. The four free parameters in the models are the inclination of the stellar rotational axis to the observer's line of sight i, the inclination of the magnetic dipole axis to the rotational axis , the polar strength of the magnetic dipole (when centred) B d , and the decentring a of the magnetic dipole as a fraction of the stellar radius, in the direction of the magnetic axis. These four parameters are determined formally by our four independent observational constraints on the magnetic eld: the (two) extrema of the average longitudinal eld and the (two) extrema of the mean eld modulus curve. Models for which acceptable agreement between the observed and computed magnetic eld variations is achieved have i = 28 8 ambiguity which exists between the two angular parameters i and is a fundamental result of the axisymmetric magnetic eld, and we are unable to resolve this problem with the data currently available. Furthermore, since the projected rotational velocity of HD 200311 is quite small ( 9 km s ?1 ; Preston 1970) , in all probability it cannot be measured with su cient precision to resolve the i= discrepancy using the properties of rigid rotation. However, linear polarization measurements (either broadband or spectropolarimetric) would provide a further constraint on the magnetic eld geometry which should allow both i and to be determined uniquely.
The phased magnetic eld data are compared with the results of the model computation in Fig. 2 . 
THE CHEMICAL ABUNDANCE DISTRIBUTION OF HD 200311
Since variability of the u-band photometry is generally interpreted as being due to ux redistribution in the stellar atmosphere caused by line blanketing (Adelman 1997) , the relative phasing of the average longitudinal eld curve and the photometric variations suggests an inhomogeneous abundance distribution with symmetry about the magnetic eld axis. Furthermore, since the oblique rotator geometry derived above implies that the line-of-sight moves equally far from the magnetic equator in both hemispheres, the approximately equal amplitudes of the two peaks in the photometry strongly suggests similar polar abundances in both hemispheres (i.e. an equatorially symmetric abundance distribution). HD 200311 is one of very few stars to exhibit double wave photometric variability with nearly equal amplitudes (another example is the ApSi star HD 122532 (Bohlender et al. 1993) ).
SUMMARY
As part of a continuing programme to develop magnetic eld models for peculiar stars in the F0-B2 temperature range (Wade et al. 1996a , Wade et al. 1996b , Wade et al. 1997 , we have developed a model of the magnetic eld geometry of the slowly rotating Bp star HD 200311. Using new mean longitudinal magnetic eld measurements, previously published mean magnetic eld modulus measurements (Mathys et al. 1997) and Str omgren photometry (Adelman 1997 ) of this object, we have determined its rotational period to be 52: d 0084. When phased with this period, the longitudinal eld and mean eld modulus measurements describe sinusoidal curves, the extrema of which occur at approximately the same phase. Adelman's u-band photometry, however, exhibits double-wave variability when phased with this period, displaying two photometric maxima of approximately equal amplitude. One of these maxima occurs close in phase to the longitudinal eld maximum. We interpret this as the result of a chemical abundance distribution which is symmetric about the magnetic eld axis, and which is furthermore similar in both magnetic hemispheres (i.e. symmetric about the magnetic equator as well).
By modeling the longitudinal eld and mean eld modulus variations, we have constrained the magnetic eld geometry of HD 200311 to one of two possible decentred dipole con gurations. The oblique rotator parameters which describe these models are rotational axis inclination i = 
